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Specification 

1 . Title of the Invention 
SEMICONDUCTOR APPARATUS 

2. Patent Claims 

(1) A semiconductor apparatus comprising 
a silicon substrate. 



a single-crystal insulating film formed on said silicon substrate, 

a silicon semiconductor layer and a compound semiconductor layer formed in 

respective preset positions on said single-crystal insulating film, and 

an intrinsic semiconductor circuit and element enclosed in said silicon 

semiconductor layer and compound semiconductor layer, respectively. 

(2) The semiconductor apparatus as described in Claim 1, wherein said single-crystal 
insulating film is an oxide single-crystal stabilized zirconia thin film obtained by adding 
6-13 mol% stabilizing agent such as yttrium oxide (Y2O3), ytterbium oxide (Yb203), 
samarium oxide (Sm203), gadolinium oxide (Gd203), scandium oxide (SC2O3), calcium 
oxide (CaO) and the like to zirconium oxide (Zr02). 

3. Detailed Description of the Invention 

<Field of Technology> 

The present invention relates to a semiconductor apparatus in which various 
semiconductor devices are formed in the same substrate and the same chip. 

<Prior Art Technology> 

In recent years, remarkable progress has been achieved in the field of 
semiconductor technology, and R&D focused on high-performance semiconductor 
devices have been conducted. However, a majority of the devices have been fabricated 
fi-om the same material. For example, silicon (Si) semiconductors are used in 
photosensitive elements, memory devices, operational circuits, unit elements and the like. 
Examples of devices using compound semiconductors such as gallium arsenide (GaAs) 
include photosensitive elements, lasers, memory devices, high-fi-equency devices and the 
like. However the higher is the level of the information to be handled, the greater is the 
demand for multifunctional devices. 

<Problems Addressed by the Invention> 

Si semiconductors have a very small field of application for multifunctional 
devices because their band gap is narrow which makes it impossible to use them for light- 
emitting devices. Furthermore, their high-frequency properties are limited. On the other 
hand, the number of defects in GaAs semiconductor materials is higher than that in Si and 
the substrate cost is high. For this reason, though they have found application for discrete 
unit devices, in LSI they are used only in some of high-frequency circuits. 

The present invention was created to resolve these problems, and its object is to 
provide a semiconductor apparatus in which a Si semiconductor layer and a GaAs 
semiconductor layer are incorporated in the same substrate in the same chip and which 
makes it possible to obtain a multifimctional device that may be composed of circuits in 
which the specific features of respective semiconductor layers have been realized. 



<Means to Resolve the Problems> 



In the semiconductor apparatus in accordance with the present invention, in order 
to attain this object, a silicon (Si) semiconductor layer and a compound semiconductor 
layer such as gallium arsenide (GaAs) or indium phosphide (InP) are formed on a single- 
crystal insulating film, such as oxide single-crystal stabilized zirconia thin film, formed 
on the silicon (Si) substrate, and these semiconductor layers are composed so that the 
respective intrinsic semiconductor circuits and elements are incorporated in the same 
substrate and the same chip. 

The semiconductor apparatus in accordance with the present invention having the 
above-described structure can be fabricated, for example, in the following manner. 

First, a single-crystal thin film of stabilized zirconia containing a rare earth oxide 
such as yttria as a stabilizing agent is coated on the whole surface of a Si substrate. Then, 
heat treatment is conducted under oxygen atmosphere to form an yttria-stabilized zirconia 
(YSZ)/Si02/Si structure. Si is then epitaxially grown on these insulating substrates, and 
devices such as memories and driving circuits consisting of CMOS and bipolar transistors 
are fabricated in the preset positions. The unnecessary portion of the Si epitaxial layer is 
removed, and GaAs is epitaxially grown therein. In this GaAs epitaxial layer, devices 
such as LED, laser, high-frequency IC and the like are fabricated, various semiconductor 
devices are formed on the same substrate and the same chip, and a multifunctional 
semiconductor apparatus is obtained. 

<Operation> 

In the structure of the semiconductor substrate in accordance with the present 
invention, the entire surface of the Si substrate is covered with an oxide single-crystal 
stabilized zirconia film and various semiconductor layers such as Si semiconductor layer 
and compound semiconductor layer, e.g., GaAs, are formed thereon in the same substrate. 
Therefore, devices such as memories and driving circuits consisting of CMOS and 
bipolar transistors can be incorporated in the Si semiconductor layer, and LED, laser, 
high-fi-equency IC and the like can be fabricated in the compound semiconductor layer, 
e.g., GaAs. Therefore, a plurality of functions can be fi-eely incorporated in one chip. 

<Embodiment> 

An embodiment of the semiconductor apparatus in accordance with the present 
invention will be explained below, together with the method for fabrication thereof, with 
reference to the drawings attached. To simplify the explanation, a semiconductor 
apparatus will be considered in which a MOSFET is incorporated in a GaAs 
semiconductor layer and Bi-CMOS is incorporated in a Si semiconductor layer, as shown 
in Fig 1. In Fig 1, the reference symbol 1 stands for a silicon (Si) substrate, 2 - oxide 
single-crystal stabilized zirconia film (single-crystal insulating layer), 3 - insulating layer, 
5 - single-crystal insulating layer, Dl and D3 - bipolar elements formed in the Si 
semiconductor layer, Dl - a CMOS element formed in the Si semiconductor layer, D4 - 
a GaAs MESFET formed in the GaAs semiconductor layer. 

The process for the fabrication of the above-described structure shown in Fig 1 
will be described below with reference to Figs 2(a) to (j). First, as shown in Fig 2(a), a 



film 2 of oxide single-crystal stabilized zirconia film (for example, (Zr02)o.9(Y203)o.i) is 
formed on a silicon single-crystal substrate by sputtering, MOCVD, ALE, ICB, ion 
plating and the like to a thickness of about 0.2-1 jim. Then heat treatment is conducted at 
a temperature of about lOOO^C in an oxidizing atmosphere to form a Si02 layer 3 having 
a thickness of about 0.1-0.5 jam on the interface between the film and substrate. A silicon 
n"^ semiconductor layer 4 is epitaxially grown to a film thickness of about 0.3-1 fim by 
CVD or the like by mixing monosilane (SiH4) with phosphine (PH3) or arsine (ASH3). 
Further, the oxide single-crystal stabilized zirconia film 5 is formed thereon by the same 
method as described above. 

Then, as shown in Fig 2(b), etching is conducted according to the preset pattern 
and lead-out openings 5a, 5b for a collector electrode 24 and a growth layer 23 for 
bipolar transistor shown in Fig 2(c) described below are formed in the stabilized zirconia 
layer 5. Then, a silicon layer (n layer 6) is formed thereon with an epitaxial device in the 
same manner as described above by changing the amount of phosphine and arsine. The 
surface of the silicon layer 6 is then heated and oxidized and a gate oxide film 1 1 for a 
CMOS transistor is formed. 

Then, as shown in Fig 2(c), a p layer 21 and n^ layer 23 of a bipolar transistor are 
formed in a proper sequence by ion implantation according to a preset pattern. High- 
concentration boron implantation into the base electrode (p*^) layer 22 and ion 
implantation into n layer 12 and p layer 16 of PMOS and NMOS are then conducted. 
Then, a p"^ layers 13, 14 and n"^ layers 17, 18 corresponding to source and drain of MOS 
transistor are formed. Finally, As is ion implanted into a collector electrode 24 to a high 
concentration. 

Further, as shown in Fig 2(d), an isolation hole 7a is formed in the base electrode 
28. Isolation holes 7b, 7c, 7d between the elements are formed between bipolar 
transistors 21, 23 and PMOS 12, 13, between PMOS 12, 14 and NMOS 16, 17, and 
between NMOS 16, 18 and collector electrode 24 of the bipolar transistor. These holes 
reach the stabilized zirconia layer 5. Furthermore, isolation holes 7e, 7f isolating the 
entire device are formed at both ends so that they reach the stabilized zirconia layer 2. As 
shown in Fig 2(e), a Si02 film is then coated over the entire surface, and this surface is 
made flat by using the flattening technique. 

Then, as shown in Fig 2(f), the unnecessary portion of the Si semiconductor layer 
is completely etched by RIE till the stabilized zirconia layer 2 is reached, and undope- 
GaAs layer 31, n-GaAs layer 32 are sequentially epitaxially grown to a film thickness of 
about 0.3-1.0 Jim at a growth temperature 600-700''C by MOSVD, ALE, MBE or the 
like. Then, an insulating film 33 for a spacer of MESFET in the GaAs layer is formed, 
patterning is conducted, Au/Ni/AuGe metals are deposited, lift-off is conducted, alloying 
is performed, and ohmic contacts 34, 35 and underlying n"^ layers 36, 37 are formed (see 
Fig 2(g)). A recess etching is then conducted with an H3PO4 + H2O2 + H2O etching 
solution, as shown in Fig 2(h). Then, a Au/Pt/Ti gate electrode 38 is formed and 
passivation with an insulating film is conducted (Fig 2(i)). 

Finally, contact holes of CMOS and bipolar transistor in the Si layers are etched 
by RIE and metal, e.g., Al, electrodes 15, 19, 25 are formed. This process completes the 
production of the semiconductor apparatus (Fig 2(j)). 

The above-described fabrication of the semiconductor apparatus makes it possible 
to combine a bipolar transistor, a CMOS transistor, and a GaAs MESFET inside the same 



semiconductor apparatus. Thus, various semiconductor devices can be formed on the 
same chip, and devices with respective characteristics can be provided with complex 
functions. Moreover, since all element groups are mutually independent and the elements 
are completely isolated from each other by an isolating film, there is no parasitic 
capacitance and the circuit can be driven at a higher speed. 

In the above-described embodiment, a stabilized zirconia film prepared by adding 
yttrium oxide (Y2O3) to zirconium oxide (Zr02) was used as the insulating single-crystal 
layer. The present invention is, however, not limited to this embodiment. For example, 
stabilized zirconia thin film obtained by adding 6-13 mol% stabilizing agent such as 
ytterbium oxide (Yb203), samarium oxide (Sm203), gadolinium oxide (Gd203), scandium 
oxide (SC2O3), calcium oxide (CaO) and the like to zirconium oxide (Zr02) can also be 
used. Furthermore, in addition to stabilized zirconia film, a spinel film, a sapphire film or 
other crystalline insulators can also be used as the insulating single crystal layer. 
Moreover, it goes without saying that the present invention is also applicable to 
combinations of a Si semiconductor layer and other compound semiconductor layers such 
as InP semiconductor layers. 

<Effect of the Invention> 

The present invention makes it possible to incorporate elements and 
semiconductor circuits realizing respective intrinsic characteristics of a Si semiconductor 
layer and a compound semiconductor layer such as GaAs or InP layer inside the same 
semiconductor, and to make a semiconductor apparatus more complex and 
multifunctional. Moreover, since all the element groups are mutually insulated and 
complete separation between the elements is provided by an insulating film, an ultrahigh- 
speed drive can be conducted. 

4. Brief Description of the Drawings 

Fig 1 is a schematic cross sectional view illustrating the structure of the apparatus 
which is an embodiment of the present invention. Figs 2(a)-(j) are schematic cross 
sectional views illustrating sequentially the process for the manufacture of the apparatus 
shown in Fig 1. 

1 - substrate; 2 - single-crystal insulator layer; 3 - amorphous insulator layer; 4 - 
epitaxial layer; 5 - amorphous insulator layer; 6 - epitaxial layer; 7a-7f- holes; 8 - 
insulator layer; 1 1 - gate insulating film; 12 - gate layer (PMOS); 13 - source layer 
(PMOS); 14 - drain layer (PMOS); 15 - electrode (PMOS); 16 - gate layer (NMOS); 17 
- source layer (PMOS); 14 - drain layer (PMOS); 15 - electrode (PMOS); 16 - gate layer 
(NMOS); 1 7 - source layer (NMOS); 1 8 - drain layer (NMOS); 1 9 - electrode (NMOS); 
21, 22 - base layer; 23 - emitter layer; 24 - collector layer; 25 - electrode (bipolar 
transistor); 31 - semiinsulating compound semiconductor layer; 34, 35 - ohmic electrode; 
36 - source layer (MESFET); 37 - drain layer (MESFET); 38 - gate electrode; Dl, D3 - ' 
bipolar element; D2 - CMOS element; D4 - GaAs MESFET element. 
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1 - substrate; 2 - single-crystal insulator layer; 3 - amorphous insulator layer; 5 - 
amorphous insulator layer; Dl, D3 - bipolar; D2 - CMOS; D4 - GaAs MESFET 




Fig 2 



0H63- 198365 



©Int. CI/ 

H 01 L 27/04 
27/12 
27/15 
29/20 
29/80 



fff^^m^^ @^§S PSfDSm 1988) 8^170 

7514- 5F 
7514-5F 
7733- 5 F 
8526- 5 F 

8122-5F m^m^ *lf* ^^(O^ 1 (^5H) 



©in P A 



@# P PS62-32111 

@ai P BB62(1987)2^13a 

i? ± 5: :^lK/^:^[SmiE»rf&^IK:gi&Bl22§22^ •^i'-T-^^^a 

± ^ ^ :^Ki??:;^ISmRlfgifESteBr22S22^ v-i'-r^^^a: 
W m S :;^KJ?5AISmHf&g^E:StePr22§22^ 



m m 

2. ^JlFff^^r»a3® 

1. •> y =» X s « i . 

s ^ «s a j2? fli -b RfT {i a ^ H 

It ^ V r 'J t: r> A C Y ba O, ) . i?5{t-J- 'i O 
A C S maO 3 ) . §$ft ^ K y - 9 A f G diOj ) . 

mityf- -fj '-^ o ^ (s czOi) , mitni\^'>oj^ 



w T o 

ia^, ii£!0^4=fitM5'^i£@ttg Ut^ <.0 25i* 
fJ;l$nXt^>6o ^'J*5At5gfGaAs) 



-321- 



GaAs <nii^mi^^.nri^ts i mxmf^<i? 

L S I frCK L-ttt. Bftg&lHlK io-ffiaj:^?^ <t L 
"C ^ (C"t S' rx t^o 

--^^ •I' rf^rc S i ili^f^a i Ga As 
±E:oge^tafi£-f-&rt:*b. :4c % 59 <n i|£ 31 35 

CMOS . /'^>f 4?--? 2).^,ri^gg0,(Hjgj/ :e 'J rx 
t'<or^<4 :K^^m;^^i>C tti^mr. CaAs 

I cmTSt'^itm:^ ttm ho ei£ o-ci ^ rf^ 

<mmm> 

^-r-t 5(CS i ^i?(*/arcwtB i -CMOS. Ca 



TfriflOO B3-I983G5 (2) 

*^mi@«iiS5fla5r tea tt«^ffl2i-FT«^*aiifr 

fTHW -y J- y TS3£fb*:^^3 -r cysz) / 
SiOi/Si «iia^:i^5£-t-53 -t ^X 1? <o Jfe ii^ 
S«±rcSi S: i e* 4^ •> + >PfiJc^ $ -e-. jjFrS*'> 
{iZarc CMOS ./^-f »*«-9s)»^,n£>5,iffi©j(5lK . > 

^y^<7)T'/<>fx5:f^fi'r>6o Mrcsi xe^ + 

■tCrcGaAs^:xtr^4^->^A^6Jcg$^S3 ^ 
KGaAs xtf^ + ->^.^u®fCfl«^^r'-<:i- - y 
. t^-1f- . iSSiS IC^^T^f/f^fXjMf^fi^n 
^ —5^ . IrI — ^ t/ r JzfrC^a ir>i|£^ f*: T^/'f^f X 

rm ( mm^i^'^^i^ ) ^ zni&^^m. snm 

i^52$n7t/<>f .-t?-^*^, D 2 ^ S i ^^(l^.'iS 
P^*C J^eJc $ ixrt C M O S ig^^ D4ttGaAsi|t3? 
(^.iSf^iCJ^eS^ciX/tGaAsMES FETTfe-6o 

2 (ata)tC^-f J: 5 frC, -> y 3 m ^ S tS 1 « J: 

(Z rO 2)6.9 f Yj Oj )o.i ) 2 5: X />• y ^ . 
MOCVD,ALE.ICB.^;^>'r^-r-f:x^r 

i'JC J: i) 0. 2 - 1 mWi<'^:iSLmxm^L. 
®JS3^liSaT«^?l 0 0 0r J: i) f^^^o 

l^fSlCO. 1 -0. 5 P-HtJiJ^tO S iOa I^StJ^fiJt 

vCAsH, )^ & -^X C V Dm^VCJi D 0. 3 

5 5:qt|iE<ti'B3»^i^^T}^fi3c^F-^>2>o 



Sot X y ^ X ^^^rfrric^. jeiTtn^B 2 (atcllC^ 
-^/<>f .-f? - ^ h >- ;^ ^ ffi 'OfiEa® 2 8 i 3 u 
2 4<o>ti^iO|XHjQ5 a , 5 b^^^it 

1 1 if^ a-f 'So 

-T'&o i?:rc-<-:?tm@c p"^;a) 2 2'^<o.-Ka^ 

;5;aSa^aL/P MOS^NMOSi^niai 2 . 
pai S ^(O ^ t ^ o MOS h 

. 1 4<!: n+ JHl 7 , 1 8*f^5Jci^io ft^l^. 

5? 2 0(dl«:^-1^J: 5frC. '<-x11Q2 3 

. 3 S t't<nT^K m S 6 . 3 1 ^B^-tha 

f ?s 2 Ei(g)^i*a ) o gJc^c. s& 2 0m)tc^-r J: $ 

H3 PO* + HaO, 4-H,0*Oxy^vrja?(C-t5 

y-bxx-^ + 5:ffa5o »:rcAu/Pt/Ti*ny 

>^ t fr/I 5 C S5 2 ) o 

y ^ y <r l^rt'^ ^HStS 15. 19.25 

■r C ?g 2 ) 

ISJ-^3IW:^flfl^ffiHC/^>f.-*?-7 V ^ 7. ^ t 
CMOS Y f i/ 7s t 0 M 0 Q I > ' Pt .1* i 
G a A s M E S F E T i 5: ffl i^k t/ C i ^UJ^flEK: 

4 :^2):i^5£TS. ife <o ^ Sfc 5^ 75* L rt -f :^ 

-323 



7fRflB3B3-1983U5(3) 

\tcr 4 y ~ B i^^i a?:*H-io -irti^^fH! 

<OT>f V - B y^Kl b . 7 c . 7d^^>5r/'' 
>f.-J?-? )-9i'i?>t^21 . 23<!:PMOS12 
. 13i«otai, 'aM0Sl2 . l4iNM0S 
16. l7iforgSO=NMOSl6, I8i^<>f 
:i?-9l'7xy;^^iODU'^:Jr 9S 2 4 i <0 

W±W^^^-r hr 4 V \^ - y B y%l t , 1 i 
UX* ^ 2m{t)Km'tiaSLVC^ ■^(n±vcs iO, lg| 

^SB^ItR I EK:J:1?. SSibi^^-f^ -riB 2 -4 
T^Siixy^-x^U^ undope-CaAs/i3 1 . 
n-GaAsiB3 2tM0CVD . ALE , MBE 

mmvcx!) ^ s)ta?ajK6 o 0-7 0 orro. 3- 

1. 0 - 8tI»06{S[rcie2>:XkfiJr4.i/^,yufiJ^$ 

■e>6o 2?:^CGaAs»«ME S F ET«o:^-«-if 

ffl'^lftS6i3 3 irJ^K. ^< ^ =^ y <r \^it^, 

02 ) 4Jicit{t>f " K y •> ^ f Yi 0, ) t ^itja u-c 

( Z r 0, ) « rc»{k ^ T 'J f A f Y b,0 J ) . 
Se <fc ■^^ ^ y C S m j O j ) . g? (fc K 'J - o a 
f G di O, ) . ©<b?t CSciOa) . S 

^ •> •? A C C a O 6 1 3m»I *iOi5ffi 

< % <n ^ > 




G a A s ^ I n ?m<nit^^i^^t^m tt^^^lfCm 

s T ^ ± (c « ^ fisi ^ 45- SI a> la t> n -c t ^ rt e ;c 
4. @ r£ ^ ffe m fi i$i 9^ 

8 "jfeiit^«. 1 1 -y- h ta^nsi, 12 -y- 

hSfP.MOS). 1 3 y - ;t,/a C P M 0 S ) . 

1 4 K u>f f P M O S X 1 5 • -mffi C PMO s 

1 6 y - I- JS C N M O S ) . 1 7 ■•• •/- X ® 

C N M O S ) . 1 8 -• K u >f X© C N M O S ) . 



1 9 ".^15 f N M 0 S ) , 2 1 . 2 2 --N'-xia. 

2 3 X i V ^ ^ ^ 2 4 3 u ^ ^ @ , 2 5 • -'3 
^C/<^ .-J?--? f.^vv^;^:^ )^ 3 1 ...i(iJfeiSt3t 
<ti^'B9i|t^^*:iSl , 3 2 -y- h iS C M E s F E T ) , 
8 3 -.Ja^f^E/a, 3 4 . 3 5 -^f - V ^ t£m<ag. 

3 6 • • • V - X a *l M E S F E T ) . 3 7 • • K u >f 
:^aCMESFET). 3a-vV-x;aS, Dl. 
D 3 ■••/<>{:}?- 9 ^R^F. D2 -CMOSiR^, 
D4-GaAsMESFETjR^o 



(b) 











-jZ. \ 





« I eg 



emzzzzzznzzzz 



ca) I 



2 



5b (II 




21 11 



5-1 



laiiiiiii 



CO 



-2 
^3 



Cd J 




31 2 ca 



-324- 



1*liaBBK3-1983{;5 (5) 



Ct ) 




25 5 19 25 34 [35 



( i } 




-325- 



This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 

BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of the original 
documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 

□ BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 

□ FADED TEXT OR DRAWING 

□ BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

□ LINES OR MARKS ON ORIGINAL DOCUMENT 

□ REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



